Casting shape, core materials (sands and resins) and the methods used to make and remove sand cores will influence the final dimensional shape and repeatability of a semi-permanent mold casting. Rather than understanding or predicting the dimensional variance in a casting, a common practice has been to allow sufficient tolerance in the design
Improving Dimensional Accuracy of Castings from Silica Sand Molds (15-16#03)
Coordinator: Sairam Ravi, University of Northern Iowa and the AFS Cured Sand and Aggregate (4K)
The rules of thumb concerning dimensional changes from pattern to final casting are not accurate enough to predict actual casting dimensions. Metalcasters will usually require up to several trial castings and pattern revisions before they meet the customer's dimensional accuracy requirements. This also causes design engineers to add extra machine stock, which inflates the cost of every cast part produced from silica sand molds and cores. Typical machining for castings may cost as much as five to seven times what the original casting costs. This often makes it more economical to produce machined parts from rolled alloy rather than castings. Computer simulations that predict final casting dimensions based on the properties of the molding aggregates can help in solving this issue while providing sustainability to silica sand molding. The New Generation Sand Consortium (NGS) and AFS jointly fund this project. The work is being conducted at both University of Northern Iowa (UNI) and University of Alabama, Birmingham (UAB), under the direction of UNI.
Objectives and Goals:
• Foundry validation of existing dimensional accuracy code by working with operating foundries to simulate and measure casting dimensions on production parts.
• Refine code as needed to match non-constrained core conditions.
• Determine high-temperature retained strength of PUCB and PUNB cores and adjust code to compensate for casting solidification constraints.
• Foundry validation trials in iron for constrained casting dimensions.
• Additional material validation and process simulation code refinements. to accommodate the unknowns. If greater accuracy is desired after initial sample, subsequent sample runs and tool correction are used to ''tweak'' the process tooling into dimensional tolerance. The foundry or design engineer, in his challenge to meet the print tolerance, often relies on ''rules of thumb,'' previous experience with similar parts, or a hopefully understanding customer who will change the drawing to accommodate the actual result of the initial runs. Peters, Velaga and Voight explored dimensional repeatability in their work with assessing influence of different process variables. That work took a look at the sand casting process with examples of iron casting. The following work is narrower in scope and explores the variables unique to the aluminum semi-permanent mold process.
The ''rule of thumb'' for permanent mold castings is to use .006 inch per inch (mm/mm) shrinkage factor for tooling construction. Observed actual instances of .003 to .010 shrink factors have been seen in the process by the author. Although the .006 shrink factor is cut into the permanent mold tooling, the ''true'' shrinkage factor of the aluminum is closer to .010 noting that the room temperature mold, cut to a .006 shrinkage factor, is increased in size by approximately .004 due to the thermal expansion of the mold at operating temperatures. The sand casting shrink factor used on the sand core is typically built to .010 in/in with instances from .008 to .013 observed in practice. The variance in shrink factors used for the sand core is noted when the size and collapsibility of the sand core are taken into account. If a shell core is used rather than a cold box core, the added variability comes from the thermal expansion of the core box which typically is a ferrous material, but could be an aluminum material also. These various process and tooling variables often lead into initial tooling questions that have lots of anecdotal based opinions in the industry, and little published data.
Objectives are to make cold box and shell cores using multiple resin levels. Cores are to be dimensionally scanned and included in data analysis. Castings are then run and knocked out at two points, either just after removal from mold or after achieving room temperature. After the core is removed by the assigned methods, the part is to be scanned and/or run through CMM analysis to establish a deviation from perfect shape map.
• Finite element modeling will be used to identify the sources of mold distortion and also to explore methods to minimize mold distortion. The ABAQUS software provides a good foundation for addressing this mold life issue from the thermal stress viewpoint. ABAQUS coupling with DANTE will be used to assess both thermal stress and the change in microstructure that will occur due to time and temperature for the hot face of the mold cavity. DANTE is a commercially available add-on to either ABAQUS or ANSYS that is developed, used and marketed by DANTE Solutions. It is developed to simulate heat treatment processes of steel components to predict metallurgical phase transformations, dimensional change and stress state throughout the thermal process.
Phase I-Predicting Distortion of Permanent Molds
This is primarily a computational effort supported by experimental data. A used mold will be solicited from participating companies along with the CAD used to fabricate it. The geometry of the used mold will be captured with a laser scanner (CWRU). Computer simulations of stress and distortion will be conducted by Dante Solutions to identify sources of mold distortion. The mold cavity details will be somewhat simplified to facilitate computational efficiency, but the salient features of the mold will be present in the model. The H13 steel data currently present in the DANTE material database will be used for these models. The predictions for the specific mold will be compared to the laser scanned model. The results will be presented at the Aluminum Division meetings. Phase II plans will be discussed, and a funding proposal will be submitted. Investment shells are typically prefired before being poured. In steel industry, the prefiring temperature is generally high enough to trigger some amount of devitrification of the amorphous silica constituent in the shell molds. Different foundries have their own prefiring temperature/time profiles which result in different amount of devitrification, thus affecting the thermo-mechanical properties of the shell molds. Estimating thermal properties from handbook data without considering the phase changes during the process is usually inaccurate. Applying thermal property values from commonly used simulation software database without carefully considering the difference of prefiring regime will often not represent the reality.
The ultimate objective of this project is to come up with a kinetic model that predicts the thermo-mechanical properties of silica-based investment shells. 
CHAMPS Project-Additional Alloy Design Data
The CHAMPS Statistical Properties Project goal is incorporation of material property design data for additional cast alloys, A206-T4 and T7, in a project that is just completing. These will be included into MMPDS (Metallic Materials Properties Development and Standardization) handbook, which replaced Mil-Handbook 5, so that this material can be specified and used to design and manufacture flight critical components in military and civilian aircraft. This builds on the original just completed E357 effort of establishing a framework to design a series of test specimens that encompass the various section thicknesses used in these applications utilizing process simulation software, validate the approach metallographically, coordinate collection of required samples from a consortium of qualified foundries and submit the data for statistical analysis and approval by MMPDS board for incorporation into the MMPDS standards. The benefit to DLA is that the development of statistical-based property data will permit the use of castings across a broader range of applications and will provide the following benefits. The Engineering Support Activities at the DLA will be able to make cast alloy conversion/replacement decisions with assurance using statistical data on tensile, compressive, shear and bearing properties from the FAA-recognized source, MMPDS Handbook. Another benefit is reduced lead times with cast components competing on an equal basis with forging and assembles from sheet, plate and extruded mill products.
As with the E357 project, the intended outcome will be cast A&B design property allowables for the alloys selected for inclusion in the MMPDS (old Mil Spec Handbook 5) to meet FAA requirements. This will allow aerospace design engineers to specify castings without using design safety factors. AFS is working with its own Investment Casting Technical Committee and the ICI (Investment Casting Institute) technical committee to create various working groups which are actively reviewing melt practices, test casting gating and rigging, investing practices, heat treatment parameters and testing protocol. A special casting test plate was designed for extracting test specimens and also attached as-cast coupons. These plates will be tested for various MMPDS properties, including tensile properties, and undergo microstructural evaluation. The attached coupons will also be tested for tensile and fatigue properties. The project is now starting with the modeling of the gating and rigging completed and wax pattern built. The waxes will be supplied to participating foundries. Those wishing to participate or wanting more information should contact Steve Robison, AFS, at stever@afsinc.org.
Casting Standards and Specifications
Accessing state-of-the-market technical, specification and training materials for castings is challenging. AFS is working to provide current and qualified information in a network-friendly form to users of castings via the Casting Standards and Specifications project. The effort includes both archival and recent technical information in searchable databases. Specifications and standards are summarized, and the user is guided in their application. Tutorials covering the fundamental design concerns are also presented. The development of an online material design property database will greatly enhance the ability for the next generation of component designer to create the lightest weight and most efficient parts quicker and at lower cost. These tools facilitate more effective and efficient procurement to both DoD and industry in the support of weapon systems. Along with data from various AFS research projects, like the 08-09#01 and 08-09#03 projects for the Development of Fatigue Properties Database, AFS has also incorporated the USAMP Light Metals Materials Database properties and strain life fatigue data for CGI Grade 400 and a high-alloy Class 40 Gray Iron into the AFS Casting Alloy Data Search (CADS) onto the AFS design website: www.metalcastingvirtuallibrary.com/cads/cads.aspx. This completes this phase of the project, and AFS is working with various groups, including design software providers, the design departments of OEMs and ASM to create Cast Alloy Material Property Datasheets to be put on the ASM Material Selector and AFS websites. This work has been compiled into an updated DVD that is available from the AFS bookstore. This is an outstanding resource for those needing validated mechanical properties that design engineers need to make the most efficient components. The work planned under this project will add design properties for 4-5 additional cast metal alloys per year, while continuing to upgrade the CADS online database. During the first two years, work was completed on Class 25E Gray Iron, Ductile Iron EN-GJS500-07 (lower hardness version of 80-55-06) for 1 and 3 inch section thickness, HiSiMo Ductile Iron, and 1 and 2 inch section Aluminum E357, with specimens coming from the previously completed CHAMPS E357 project. Work is completed for an aluminum Al4Si with samples produced in both sand and permanent mold for 535 and sand mold for A206. Testing is now complete for (3) cast steel grades (WCB, 4330 and 8630) with material secured from various sources. Testing is completed for Solution Strengthened Ferritic (SSF) Ductile Iron and has been added to the database.
For more information, contact Zayna Connor, AFS, at zconnor@afsinc.org or Steve Robison, AFS, at srobison@afsinc.org.
National Institute of Standards (NIST) AMTech Program

Pathway to Improved Metalcasting Manufacturing Technology and Processes-Taking Metalcasting Beyond 2020
The National Institute of Standards and Technology (NIST) awarded an advanced manufacturing technology planning grant to a metalcasting project submitted by the American Foundry Society (AFS). The Pathway to Improved Metalcasting Manufacturing Technology and Processes-Taking Metalcasting Beyond 2020 project is one of 19 initiatives that were awarded a total of $9 million to develop technology roadmaps aimed at strengthening US manufacturing and innovation performance across industries.
AFS is the lead organization in the project that will be launched by the American Metalcasting Consortium, which is composed of four industry associations that represent 95% of the nation's 2000 foundries. The goal is to conduct an industrywide roadmapping effort to identify research and related actions aimed at achieving significant improvements in processing capabilities and productivity. Specific objectives are to:
• Reach industry consensus on metalcasting capability gaps, solution priorities and investment recommendations.
• Identify potentially transformative technologies requiring collaborative research.
• Establish clear problem definitions and a common framework for parallel work by multiple organizations.
• Chart a transition path to facilitate interoperability of developed solutions with existing systems.
• Build a collaborative infrastructure tailored to the roadmap's targeted outcomes.
• Initiate development of an infrastructure that supports an advanced US metalcasting industry.
Castings are in every sector of the economy including transportation, energy, mining, construction, maritime, fluid power, instrumentation, computers, defense and household products. A strong US metalcasting industry is needed to maintain global competitiveness. To improve the domestic metalcasting industry, there are significant challenges needed to improve productivity, manufacturing practices, advanced alloy and component performance, and attract employees and students needed for energy efficiency and environmental compatibility. The vast majority of metalcasters are small businesses that do not have the resources to perform the advanced research and development necessary to remain competitive and maintain sustainable enterprises.
The American Metalcasting Consortium (AMC) roadmapping planning process identified, selected and developed technological alternatives to ensure a competitive US metalcasting industry. AMC integrates the nation's top academic metalcasting researchers with the four leading metalcasting industry associations (American Foundry Society, Non-Ferrous Founders' Society, North American Die Casting Association and the Steel Founders' Society of America) and their members to identify new technologies and processes to enhance the global competitiveness of the US metalcasting industry. AMC developed a roadmap with an integrated, prioritized and readily executable plan of action based on mapping capability gaps to solution paths with the greatest potential to meet goals of the industry. The roadmap resulting from an industrywide set of surveys and an AMC Metalcasting Roadmapping Workshop held on May 12-13, 2015, has been created and will be distributed by the AMC association members and access is available via the AFS website.
Manufacturing USA: National Network for Manufacturing Innovation
Manufacturing USA
The National Network for Manufacturing Innovation has a public name: Manufacturing USA. Over the past four years of the program, nine manufacturing innovation institutes have been established or announced, with AFS involvement with four. Six more institutes are planned by 2017. These manufacturing institutes are public-private partnerships that have distinct technology focus areas but works toward a common goal: America's future through manufacturing innovation, education and collaboration. Through Manufacturing USA, industry, academia and government partners are leveraging existing resources, collaborating, and co-investing to nurture manufacturing innovation and accelerate commercialization. Each institute is designed to be a public-private organization that provides vision, leadership and resources to its members.
America Makes-National Additive Manufacturing Innovation Institute
America Makes is the National Additive Manufacturing Innovation Institute. As the national accelerator for additive manufacturing (AM) and 3D printing (3DP), America Makes is the nation's leading and collaborative partner in AM and 3DP technology research, discovery, creation and innovation. Structured as a public-private partnership with member organizations from industry, academia, government, non-government agencies, and workforce and economic development resources, its mission is to innovate and accelerate AM and 3DP to increase our nation's global manufacturing competitiveness. AFS is partnering with Youngstown Business Incubator (YBI) who has been named a recipient of funds from America Makes for the research project ' 'Accelerated Adoption of AM Technology in the American Foundry Industry.' ' Along with YBI, Youngstown State University (YSU), ExOne, Humtown Products, and the University of Northern Iowa (UNI), the project team for ' 'Accelerated Adoption of AM Technology in the American Foundry Industry' ' will support the transition of binder jet AM to the small business casting industry by allowing increased access to the use of binder jet equipment and the development of design guidelines and process specifications. The AFS and the America Makes Consortium held a very successful session at the recently completed 121 th Metalcasting Congress. Key aspects of the technology, the latest research and advancements, and how the technology can promote and enhance design freedom and product improvement were reviewed. The first AFS ad-hoc committee on Additive Manufacturing is now active and has held five meetings, including the January 25, 2017 meeting and tour of the GE Center for Additive Technology Advancement (CATA) followed by Harmony Foundry. The next meeting will be held at Oak Ridge National Laboratory (ORNL) in June 2017.
The first AFS AM-4-MetalCasting Conference was held at the Novi Sheraton, Novi, MI, October 3-6, 2016. The program included tours of various AM printing sources (ExOne, Voxeljet) and foundry users of AM, along with a two-and-ahalf-day technical program.
Lightweight Innovations For Tomorrow-LIFT
The Lightweight and Modern Metals Manufacturing Innovation-LM3I-has been renamed LIFT (Lightweight Innovations For Tomorrow) and is headquartered in downtown Detroit. LIFT is led by Ohio-based EWI (Edison Welding Institute), a company that develops and applies manufacturing technology innovation within the manufacturing industry. AFS is part of a 60-member consortium that will pair leading aluminum, titanium and high-strength steel manufacturers with universities and laboratories pioneering new technology development and research. ''The long-term goal of the LIFT LM3I Institute will be to expand the market for and create new consumers of products and systems that utilize new, lightweight, high-performing metals and alloys by removing technological barriers to their manufacture,'' the White House said. The Institute will seek to achieve this through leadership in pre-competitive advanced research and partnerships across defense, aerospace, automotive, energy and consumer products industries. The White House noted that lightweight and modern metals are utilized in a vast array of commercial products, from automobiles, to machinery and equipment, to marine craft and aircraft. ''These ultra-light and ultra-strong materials improve the performance, enhance the safety and boost the energy and fuel efficiency of vehicles and machines,'' the White House said. The Institute will advance the state of processing and fabrication technologies for lightweight and modern metals by facilitating the transition between basic/early research and full-scale production of associated materials, components and systems. AFS will champion the role of the metalcasting industry as a key metals manufacturing sector in this effort, with two initial projects being started in the casting area, one on thin-walled ferrous and the other on thin-walled nonferrous castings.
Digital Manufacturing and Design Innovation-DMDI
The idea behind the Institute is that manufacturing is being transformed by digital design, which replaces the draftsman's table with the capacity to work and create in a virtual environment. AFS feels the establishment of a Digital Manufacturing and Design Innovation (DMDI) Institute will increase the successful transition of digital manufacturing and innovative design technologies through advanced manufacturing, create an adaptive workforce capable of meeting industry needs, further increasing domestic competitiveness, and meet participating defense and civilian agency requirements. This project will benefit the US manufacturing industry by providing resource, focal point and network for resolving technical barriers currently limiting the application and integration of digital manufacturing and innovative design technologies. As it relates to the metalcasting industry, the use of these technologies will assist in the more rapid development and production of lighter-weight metal cast components for military, energy, transportation and commercial applications. This can allow for design innovation via part consolidation and near net shape capabilities of metalcasting, the weight reduction potential of such materials as magnesium, aluminum, titanium and next generation ferrous metals, and the improved quality and productivity of advanced casting processes; this unique program can make significant strides toward production of high integrity, complex cast components and advance our manufacturing base. The Institute will also be a resource for training our workforce from manual labor to more highly skilled and technical jobs.
Smart Manufacturing Innovation Institute (SMII)
The Smart Manufacturing Leadership Coalition (SMLC) has been selected to lead the new Smart Manufacturing Innovation Institute, in partnership with the Department of Energy. The winning coalition, headquartered in Los Angeles, California, brings together a consortium of nearly 200 partners (one of which is AFS) from across academia, industry and nonprofits. The emphasis will be on smart sensors and digital process controls to improve efficiencies in US advanced manufacturing processes. The Smart Manufacturing Innovation Institute (SMII) is the ninth manufacturing hub to be awarded. The Institute will be headquartered in Los Angeles, CA, with five regional manufacturing centers focused on local technology transfer and workforce development. The five regional centers will be led by UCLA, Texas A&M, Rensselaer Polytechnic Institute, Pacific Northwest National Laboratory and North Carolina State.
AFS Information Services
Casting Process and Alloy Assistance
The AFS website offers assistance for casting design engineers in selecting the best casting process for a potential component and also provides casting alloy property data on many commonly used alloys. The website provides casting users, design engineers and purchasers with relevant and accurate information on casting capabilities and properties, providing easily accessible and retrievable information from a single site. The alloy data can be quickly exported to a spreadsheet or FEA tools. The Casting Alloy and Process Selector and the Casting Alloy Data Search are located on the AFS website, http://www.afsinc.org/. For more information, contact Steve Robison, AFS Sr. Technical Director, 847/824-0181 9 227 or stever@afsinc.org.
Casting Facility Directory
The AFS Directory of Metalcasters is also available to the public on the AFS website. The site provides a directory of North American metalcasters in a single source. Potential casting buyers can search by metal, alloy, casting process, casting size (weight) and US state to locate a casting provider that meets their needs. The Metalcasters Directory is located on the AFS website under the ''Resource Tools'' menu or can be accessed directly at, http://www.afsinc.org/ metalcasterdirectory/index.cfm. For more information, contact Steve Robison, AFS Sr. Technical Director, 847/824-0181 9 227 or stever@afsinc.org.
CastingConnection
CastingConnection is an online private social professional network environment to connect, engage and share critical industry information and best practices in real time. Through the Open Forum and sites devoted for our special interest groups, members can gather to network via a comprehensive member directory, participate in focused discussion groups and access and share useful and informative documents and media in all formats. Visit https://castingconnection.afsinc.org.
Library
The AFS online library database serves the needs of the metalcasting industry for current and historic metalcasting information. AFS is continuing to electronically archive the full AFS Transactions series using nondestructive scanning technologies. The project is nearing completion, with many AFS Transactions fully electronically archived and web searchable, from the very first edition (published in 1896) to the present. Located at www.afslibrary.com, the website houses a large collection of metalcasting reference material. For more information, contact Mary Crompton, AFS Industry Information Specialist, 847/824-0181 9 295, or mcrompton@afsinc.org.
AFS has launched a new program that offers industry-specific training, information and education for metalcasters in a webbased format for a single access fee. The e-Learning and Library Subscription Program will give subscribing organizations full access to online modules for formal staff training and unlimited access to the AFS Online Library containing thousands of technical papers and articles. Individual e-learning modules also are available a la carte. More information and a video demonstration are available at www.afsinc.org/elearning.
Technical Resources
Technical department staff and technical committee members provide regular contributions to MODERN CASTING and Metal Casting Design and Purchasing magazines. CastTIP and Testing 1-2-3 columns are regular features and document the best practices for various procedures and tests used in the metalcasting industry, and various casting defects, including potential causes and solutions. AFS technical staff associates are available to support AFS members with technical help, casting problems and metalcasting information. Assistance is available through telephone, email requests and CastingConnection discussion posts. 
AFS Technology Transfer
Conferences and Workshops
The AFS Silica Compliance Seminar is now available on video. The seminar was designed to assist foundries in developing a compliance strategy for the new US regulations on silica sand and respirable silica dust in the foundries. While AFS awaits a ruling on our legal challenge to the new silica rules, foundries must also begin actively planning their compliance strategy to be ready for the rules when they take effect in summer 2018. The video series is a follow-up to the on-site seminars previously held in Schaumburg IL and Dallas TX. The videos will cover details on the new law and provide practical help in all areas of the new regulations such as measurement requirements, sampling methodology, regulated areas, medical surveillance, respirator, new equipment and developing a written compliance program. The videos are available through AFS. For more information, contact Laura Kasch, AFS technical assistant, 847/824-0181 9 246, technicalassistant@afsinc.org, or visit the AFS website.
AFS Government Affairs Conference, Hyatt Regency Capitol Hill, Washington, DC, provides an opportunity for foundry leaders to hear about the latest issues affecting the metalcasting industry and meet with congressional representatives. Foundry Executive and Leadership Conference is scheduled for September [17] [18] [19] 2017 , at the Stowe Mountain lodge in Stowe VT and will cover all issues relating to metalcasting business and leadership.
The AFS Conference on Sand Casting Technology and Materials is scheduled for October [16] [17] [18] 2017 , at the Hilton Indianapolis Hotel and Suites, Indianapolis, IN. This conference will have leading experts in green sand molding and chemically bonded molds and cores, benchmarking best practices with other foundries and sharing the newest research and technological developments. For more information, contact Laura Kasch, AFS technical assistant, 847/824-0181 9 246, technicalassistant@afsinc.org, or visit the AFS website.
The Environmental Health and Safety Conference, October 31-November 2, 2017, Birmingham AL, will produce foundry case studies and educational presentations on occupational safety and health in all metalcasting processes and plant operations. The conference is preceded by the AFS Environmental Seminar (Oct 29-30). Visit afsinc.org/events for more information on upcoming conferences. For more information, contact Sr. Technical Director Steve Robison at 800-537-4237 9 227 or at stever@afsinc.org.
